Abstract: Kuwait has adopted a dual system in which large-scale desalination plants are coupled to the power generation plants. These dual systems are located on the coastline and utilize huge amount of water for distillation and cooling. As a result, large volume of brine is produced which disposed back into the Gulf with an increase in temperature over the seawater ambient temperature. This brine is also loaded with chemicals used in the pretreatment stages and trace metals. The increases in desalination activities in Kuwait raise concerns over potential negative impacts on the coastal marine environment. In the study, sediment samples were collected from 19 stations in summer and spring seasons. The samples were analyzed for metals and hydrocarbons concentrations. The results revealed that the concentration of all analyzed metals at the vicinity of Az-zour desalination plant were relatively low and ascribed within the limits of unpolluted areas. The results also showed that the contamination by Total Petroleum Hydrocarbons (TPH) and Total Organic Carbon (TOC) in sediments from the investigated area was relatively low and did not indicate high contamination with petroleum near the plant.
Introduction


Kuwait and other arid countries suffer from the scarcity of water resources and this is considered as the major challenge that has to be faced. Severe water shortages can lead to the deterioration of a person's health and may severely constrain the development of the community. These countries have turned to desalination of seawater as a solution to this growing problem [1] . Desalination is the process by which freshwater is extracted from saline waters, such as seawater and brackish water. Commercially available desalination techniques are categorized either as distillation-based or as membrane-based technologies. Distillation-based processes are; Multi-Stage Flash (MSF), Multiple Effect Distillation (MED) and Vapor Compression (VC). Kuwait is the pioneer country in employing cogeneration power desalinating plants to secure electricity and fresh water. Six coastal sites were developed to produce distilled water and electrical energy as shown on Fig. 1 . Total current installed nominal capacity amounts to 2.81 million m 3 /d [2] . The Ministry of Energy & Water (MEW) operates the MSF distillation plants at high temperature, mainly during high demand season (summer), whereas, operation at normal temperature is adopted during the rest of the year. Details of the installed capacity of the existing distillation plants in Kuwait are listed in Table 1 . Seawater desalination by MSF process generally requires a large seawater inlet flow resulting in an increase in salinity of the discharge flow known as brine. Various chemicals are added to the feed water to control formation of mineral scale and biological growth that would otherwise interfere with the processes [3] . These chemicals or their reaction products are in-turn discharged with the reject brine. Cooling water used in the steam turbine generators are also discharged to the sea with higher temperature than the ambient temperature of the surface seawater. The potential negative impacts associated with desalination plant operation have gained an international attention [4] . The introduction of concentrated brine waste effluent has been historically considered a major environmental concern with desalination plants particularly on marine ecosystem [5] [6] [7] [8] . The discharged brine is characterized by increased salinity and elevated temperature. It additionally contains substantial amounts of chemicals from pretreatment of the feed water, hydrocarbons and metals that are picked up by the brine in contact with plant components and pipelines. These heavy metals include, copper, nickel, iron, chromium, zinc and other heavy metals depending on the alloys present in the process line. The aim of this study was to examine the concentration of accumulated metals and hydrocarbons in the sediments at the vicinity of Az-zour desalination plant south of Kuwait.
Material and Methods
Sampling Locations
A total area of about 2 km at the vicinity of the marine area of Az-zour desalination and power plant was assessed as shown in Fig. 2 . Transects were established perpendicular to the coast and extend 2 km north and south or east and west from the outfall channel, taking into consideration the local condition and the technical specification of the intake and outfall channel. About 15 to 20 sampling points from 3 to 5 transects were selected, and sampling stations at successive increasing intervals from the outfall point were identified by global positioning system Global Positioning System (GPS). Two water depths including surface and bottom were included in the assessment at these sites when feasible.
Sampling Procedure
Two sampling programs were carried out in the study. The first field sampling program was carried out between 6 and 28 August 2007. This program represented the summer season. The second sampling was carried out between 18 February and 25 March 2008 and represented the spring season. The sampling programs were hampered by the prevailing weather conditions, and thus, were done when conditions allowed. The surveyed stations with their GPS locations and water depth are shown and given in Table 2 and Fig. 3 . Sampling was conducted according to the Regional Organization for the Protection of Marine Environment (ROPME) Manual [9] . In addition, water samples were also collected from more than one position within the plant. The sampling positions included the brine effluents discharged from the desalination units them self, the effluent discharged from the power plant and effluent discharge at the outfall point of the plants (i.e., the mixing zone of the effluent from the distillation and power units together).
Laboratory Analyses
Trace metals were determined in sediment samples collected from the marine area adjacent to the plants and in water samples from the plant intake and outfalls discharge. In sediment, about 1 g sample of homogenized and sieved (< 63 μm) was digested with 20 mL of concentrated nitric acid at 80 °C. After the completion of digestion, the contents were filtered through Whatman 0.45-μm filters. The filtrate was collected in a volumetric flask, and the volume made up with deionized water to 50 mL. Trace metal analysis was carried out on a Varian, 720-ES, inductively coupled plasma spectrometer optical emission spectrometer at the Central Analytical Laboratories (CAL) of the Kuwait Institute for Scientific Research (KISR). In water, trace metals were also performed at CAL and were determined according to the EPA 
Levels of Trace Metals and Hydrocarbons Generated from Seawater Desalination Plant in the Sediment of Kuwait Marine Area
170
Levels of Trace Metals and Hydrocarbons Generated from Seawater Desalination Plant in the Sediment of Kuwait Marine Area
171
method and the American Water Works Association (AWWA) [10, 11] . For trace metal sediment analyses, reference sediment samples, spiked samples and blanks were included with the test samples as quality control measures. The precision of the reference samples varied between 5 and 15% of the suggested value. The recoveries of the spiked elements were > 90%. Special precautions were taken during sample preparation and analyses to avoid contamination. Total Petroleum Hydrocarbons (TPH) in sediments were determined according to ROPME methods [9] . The TPH in sediment extracts were measured by an ultraviolet (UV)-fluorescence method using a Shimadzu RF-5000 spectrofluorophotometer. The fluorescent intensity of the samples was compared with that of a reference standard (Kuwait crude oil). The instrument was calibrated with a series of standard crude oil solutions using 310 nm excitation and 360 nm wavelength emission. and 19) and 20.58 μg/g dry weight with an average of 3.0 ± 1.17 μg/g ( Table 3 ). The highest concentration was exhibited, as in the case of summer, at station Zr 16 located 2,000 m southward the outlet (Fig. 4) . On the other hand, Ni in spring was found to range between [12] . Based on the results obtained in this study, it is apparent that the concentration of all analyzed metals at the vicinity of Az-zour plant were relatively low and ascribed within the limits of unpolluted areas.
Results and Discussion
Generally, concentrations exceeding the backgrounds significantly are considered as environmental pollution even biological consequences cannot be proven. It is stated that it is still not possible to set a standard up to which metal pollution is harmless and from which it is harmful [3] . Moreover, while the concentrations of these products can be diminished by dilution, it is the load, not so much the concentration, which is the burden for the environment. For example, based on a minimum of 15 μg/L copper in the brine blow down and the discharge volume, it is estimated that daily copper input from Az-zour plant to Kuwait marine environment is 11.15 kg/day [13] . Therefore, continual monitoring and assessment of the accumulated trace metals and their load in the sediment would be necessary to quantify the contribution of desalination and power plants to the budget of trace metals in the marine environment in Kuwait.
Hydrocarbons
Total Petroleum Hydrocarbon (TPH) concentrations in sediment samples were analyzed for different, stations. The analysis of sediment for TPH's provides a general indication of the level of contamination by petroleum and the quality of marine area surrounding the desalination and power plants. The quality of the marine areas at these plants contributes to the overall assessment of the impact of desalination plants on the adjacent marine area. TPH concentrations in sediment samples at the vicinity of Az-zour desalination plant varied between 1.27 μg/g and 8.16 μg/g with an average of 3.49 ± 0.6 μg/g in sediments collected during summer. In sediments collected in the spring, concentration was found to be higher and ranged between 0.86 μg/g and 33.73 μg/g with an average of 3.99 ± 0.6 (Table 4 ). Fig. 6 shows the distribution of TPH in the sediments of the Az-zour marine area. Elevated values were found at stations Zr 3 and Zr 12 (33.7 and 28.0 µg/g respectively). However, even with the highest concentration of TPHs in this area, it remained below the average values found in different locations along the Kuwaiti coast and within the values observed by previous study for Ras Az-zour area [14] .
Total Organic Carbon
TOC in the sediments at the vicinity of Az-zour desalination plant varied between 0.058% and 0.196% with an average value of 0.12 ± 0.01 in sediments collected during the summer sampling (Table 4 ). The standard deviation value for TOC indicated that there was no significant variation between different stations (0.037%). TOC results obtained for the sediment collected in the second program (i.e. spring) were somehow higher and varied between 0.165% and 0.989% with an average of 0.59 ± 0.05%. However, these ranges agree within the values previously reported for Az-zour area and within the normal values for shallow marine environment [14] . 
Conclusion
Contamination of sediment by trace metals was indicated in this study. Concentration of all analyzed metals at the vicinity of Az-zour desalination plant were relatively low and ascribed within the limits of unpolluted areas. Contamination by TPH and TOC in sediments from Az-zour desalination plant found to be relatively low and did not indicate high contamination with petroleum.
